Abstract. Five hundred and ten multiparous sows were allocated at 66 days after mating to one of 6 dietary treatments that were imposed for the subsequent 35 days. The dietary treatments were 5 feeding levels of 2.2, 2.6, 3.0, 3.4, and 3.8 kg/day of a gestation diet containing 12.9 MJ DE/kg, 127 g crude protein/kg, and 5.6 g lysine/kg, plus a protein intake treatment where sows received 2.8 kg/day of a lactation diet containing 13.8 MJ DE/kg, 168 g crude protein/kg, and 8.3 g lysine/kg. After the treatment period, all sows were offered the lactation diet at the common feeding level of 3.0 kg/day and after farrowing, all sows were offered this diet ad libitum throughout lactation. Increasing feeding levels between Day 66 and Day 101 of pregnancy increased (P < 0.001) liveweight gain prior to farrowing but increased (P < 0.001) liveweight loss during lactation. The majority of the extra maternal energy intake during mid to late gestation was deposited as maternal gain. These linear weight responses during lactation were explained by the significant inverse relationship between voluntary daily feed intake in lactation (FI) and average daily digestible energy intake in the previous gestation (DE):
Introduction
Piglet birth weight has been recognised as one of the major drivers of not only individual piglet survival, but also piglet weaning weight and subsequent post-weaning growth. Whittemore (1993) estimated that for a small 0.2 kg increase in birth weight, daily gain from birth to slaughter increases by 24 g, which is equivalent to an increase in subsequent carcass weight of about 3 kg. The importance of birth weight and its effect on subsequent performance has been recently demonstrated by Cole and Varley (2000) in a commercial herd; birth weight accounted for 37% of the variation in weaning weight. It is well established that birth weight responds to increasing digestible energy (DE) intake during pregnancy (Shearer and Adam 1973) , when there is a rapid increase in energy demand for foetal growth in the last trimester of gestation .
However, much of the published work on the responses of birth weight to maternal feed intake was conducted with older genotypes between the 1960s and the 1980s. Pluske et al. (1995) reviewed this work and concluded that the relationship between maternal energy intake and birth weight was linear for multiparous sows but curvilinear for primiparous sows, particularly in the older genotypes. However, the datasets for the relationship in multiparous sows were not as comprehensive as those for primiparous sows, with several of the experiments comparing only 2 or 3 levels of maternal feed intake. More recently, Smits et al. (1997) reported that an overall increase of 63 kg of feed throughout gestation as a high-low-high phase feeding strategy during 3 trimesters of primiparous sow gestation resulted in a significant increase in average birth weight from 1.30 to 1.38 kg.
The aim of this experiment was to establish quantitative relationships between maternal DE intake during mid to late gestation and average piglet birth weight and weaning weight in a modern, lean genotype. The protein and amino acid requirements of the sow increase as gestation progresses because nitrogen retention in the conceptus and mammary gland increases between Days 50 and 110 of gestation . Thus, in addition to the effects of maternal energy intake, the experiment also investigated the effects of increased dietary levels of protein and amino acids during gestation on subsequent piglet and sow performance.
Materials and methods

Animals and treatments
Each week for 5 successive weeks, approximately 100 sows of parity 2 and above were randomly allocated at 66.0 ± 0.1 (mean ± s.e.) days after mating, to one of 6 dietary treatments that were imposed for the subsequent 35 days. The dietary treatments were 5 feeding levels of 2.2, 2.6, 3.0, 3.4, and 3.8 kg/day of the gestation diet (Table 1) containing 12.9 MJ DE/kg, 127 g crude protein/kg, and 5.6 g lysine/kg, plus a protein intake treatment where sows received 2.8 kg/day of a lactation diet (Table 1) containing 13.8 MJ DE/kg, 168 g crude protein/kg, and 8.3 g lysine/kg. This treatment supplied similar energy intake to the 3.0 kg/day of gestation diet but significantly more daily intake of protein and amino acids. The sows were offered their daily allowance during pregnancy in calibrated buckets. The weight of feed was checked and recorded regularly during the experiment and the mean (± s.e.) actual weights of feed offered were 2.19 (0.03), 2.59 (0.03), 3.09 (0.03), 3.46 (0.01), 3.87 (0.03), and 2.73 (0.05) kg/day for the experimental feeding levels of 2.2, 2.6, 3.0, 3.4, 3.8, and 2.8 kg/day, respectively. From mating until allocation, all sows were offered 2.4 kg/day of the gestation diet containing 12.9 MJ DE/kg, 127 g crude protein/kg, and 5.6 g lysine/kg (Table 1) . The sows received the dietary treatments up until the sows were moved into farrowing crates at about Day 101 of gestation after which they were offered the lactation diet (Table 1) at the common feeding level of 3.0 kg/day until farrowing. After farrowing, all sows were offered the lactation diet ad libitum during lactation.
Management and measurements
During gestation, all sows were housed in individual gestation stalls and were housed in individual farrowing crates from Day 101 of gestation until weaning. Within 24 h of farrowing, all piglets were weighed, tails docked, eye-teeth cut, and orally provided with iron. Minimal crossfostering was conducted and when it did occur it was restricted to sows within treatment. Litters were weaned at 19.9 ± 0.1 (mean ± s.e.) days of age and again individual pigs were weighed at weaning. After weaning, sows were moved from farrowing crates into small group pens next to mature boars and provided with 3.0 kg of gestation feed/day and were observed daily for signs of oestrus. Matings were supervised and sows were mated on successive days when possible. After mating, sows were moved into individual gestation stalls and given 2.4 kg of gestation feed/day for the duration of the next gestation. Sows were checked for returns to oestrus and any sows returning to oestrus were again mated on successive days.
To establish the likely responses in sow body composition to gestation feeding treatments, a subset of 112 sows that were allocated to the dietary treatments in the third week of allocation, was used to monitor liveweight and backfat changes of sows during the experiment. The liveweight and backfat depth at P2 of this subset of sows were recorded at allocation, entry to the farrowing crate, and again at weaning. Liveweight just prior to farrowing was estimated by adding an allowance of 0.75 kg/day for each day between entry to the farrowing crate and farrowing, to the liveweight at entry to the farrowing crate. Sows were expected to gain an average of approximately 0.75 kg/day as all sows were fed 3.0 kg/day in the 1-2 weeks prior to farrowing. Liveweight loss at farrowing was estimated by adding 3.0 kg for placental weight (Petchy and Jolly 1979) to the birth weight of the litter.
Statistical analysis
Data were subjected to analysis of variance (Snedecor and Cochran 1967) for treatments in a completely randomised design. Analysis of variance was performed using the general linear models procedure of Genstat (Genstat 5.0, Lawes Agricultural Trust Rothamsted, The Netherlands) with parity and allocation week as independent variables. The response to increasing levels of gestation diet was tested for linearity and curvilinearity if there were significant treatment effects. The effect of protein intake was examined by comparing the third treatment (3.0 kg/day of the gestation diet) with 2.8 kg/day of the lactation diet. These dietary treatments provided similar energy intakes but quite different protein and amino acid intakes. Differences between the means were determined by a l.s.d. comparison of least square means.
Results
There were no significant effects of parity or week of allocation on any of the parameters of sow performance. Several animals were removed from the experiment because of commercial pressure requiring them to be moved to other sites to ensure that expensive farrowing facilities were fully occupied (Table 2 ). Other losses of data included litters that were weaned early because of smaller litters, cross-fostering, and litters accidentally mixed as well as the routine sow reproductive failures. However, there were no significant effects of treatment on culling rates or proportion of sows removed from the treatments. Increasing feeding levels between Day 66 and Day 101 of pregnancy increased liveweight gain prior to farrowing but had no significant effect on backfat changes (Table 3) . Liveweight gain during lactation decreased in response to an increase in feeding levels in the previous gestation. In addition, backfat loss of sows between Day 101 of pregnancy and subsequent weaning was significantly increased, in response to increased gestation feeding level (Table 3) .
Neither increasing the feeding level during mid to late gestation nor increasing the protein content of the diet had any significant effect on litter birth weight, average piglet birth weight, or the standard deviation of individual piglet birth weight within the litter (Table 4 ). In addition, there was no significant effect of gestation feeding treatments on litter size weaned, litter weaning weight, average piglet weaning weight, average piglet growth rate, or the standard deviation of individual piglet weaning weight within the litter. However, increasing feeding levels between Day 66 and Day 101 of pregnancy linearly reduced voluntary feed intake in the subsequent lactation (Table 4) . Reproductive performance after weaning was not influenced by feeding treatments during the previous gestation. Neither increasing the feeding level during mid to late gestation nor increasing the protein content of the diet had any significant effect on fertility or subsequent litter size (Table 5) . (Elliot and Lodge 1978; Hillyer and Phillips 1980; Pond et al. 1981) . However, the results of many other studies reviewed by Pluske et al. (1995) indicated that the relationship between maternal energy intake and birth weight was curvilinear for firstlitter sows and linear for older sows. Close and Cole (2000) suggested that piglet birth weight increases by about 8 g for each 1.0 MJ DE/day up to a threshold level above which energy level in gestation has little effect on birth weight. Analysis of data presented by Pluske et al. (1995) Pluske et al. (1995) to our experiment, piglet birth weight was expected to increase from 1.43 to 1.53 kg over the feeding level range imposed in our experiment.
Despite the large natural variation in average piglet birth weight, allocation of at least 50 sows per treatment would have been enough to detect differences of 100 g as being significant (P < 0.05). However, actual birth weight was not significantly increased in response to increased energy intake during pregnancy and the average birth weight was considerably greater than predicted from the relationship provided by Pluske et al. (1995) . At this commercial piggery, genetic improvement has led to larger and leaner sows. For example, Hughes and Smits (2003) reported that a representative sample of multiparous sows studied in this herd in 2002 weighed 246 kg liveweight and contained 15.1 mm backfat at P2 at weaning compared with sows in our study weighing 274 kg and containing only 14.5 mm backfat at weaning. Genotype could explain the increased birth weight since larger genotypes would be expected to have heavier piglets at birth and they would also be expected to have higher energy requirements for maintenance of their maternal tissues. Further examination of the data compiled by Pluske et al. (1995) revealed that the later experiments of Lee and Mitchell (1989) showed no significant response of birth weight to maternal energy intake. Furthermore, the results of the experiment of Walker (1983) revealed that piglet birth weight increased to about 1.5 kg in multiparous sows as average energy intake increased from 19 to 25 MJ DE/day but seemed to plateau at maternal energy intake levels between 25 and 31 MJ DE/day, compared with the earlier studies where there was a strong linear relationship between piglet birth weight and maternal energy intake up to levels of 43 MJ DE/day, albeit at lower piglet birth weights. There has been little work reported since 1989 with the newer and larger genotypes and it may be that piglet birth weight is now already considerably higher and is unaffected by increasing maternal intake beyond 30 MJ/day. The results of our experiment provide further evidence that, when piglet birth weight is already above 1.5 kg, there is no significant response to energy intake above an average of 31 MJ DE/day. Certainly, it appears that the majority of the extra maternal energy intake during mid to late gestation was deposited as maternal gain. The increase in maternal weight was estimated from the efficiencies of utilisation of energy and protein intake during mid to late pregnancy (Table 6 ). There was close agreement between the predicted weight gain between Days 66 and 101 of gestation and observed weight gain (Table 6) .
Increasing the dietary protein and amino acid levels in the diet did not appear to have any effect on sow body weight or backfat change or any positive effect on subsequent sow performance. The protein deposition rate of pregnant multiparous sows is less than 100 g/day (National Research Council 1998; Table 6 ) and should be met by providing the Noblet and Etienne 1985) . D ME for maintenance = 0.43 MJ/kg LW 0.75 /day (Williams et al. 1985) .
nutrients supplied in the gestation diet used in our experiment. The extra protein and amino acid intake relative to energy intake of sows receiving the higher protein lactation diet during mid to late gestation did not appear to be deposited as lean tissue in the pregnant sow (Table 6 ) and is likely to be more than required, with the excess being excreted as urea.
Although the results of most long-term gestation feeding studies suggested an inverse relationship between gestation feed intake and subsequent lactation feed intake, increased feed intake for up to 5 weeks in late gestation usually had no detrimental effect on feed intake in lactation (Close and Cole 2000) . However, the results of our study clearly indicate a strong inverse relationship between voluntary feed intake in lactation and energy intake between Day 66 and Day 101 of gestation.
Regression analysis of average voluntary daily feed intake in lactation (FI) and average daily DE intake in the previous gestation (DE) revealed that the significant linear relationship could be described by the equation: FI = 9.93 (0.90) -0.113 (0.026) DE, R 2 = 0.83, P = 0.012. The inverse relationship between energy intake in pregnancy and appetite during lactation has been well documented. Dourmad (1991) calculated that daily feed intake in lactation decreased by only 40 g for each 1 MJ DE/day increment in intake during gestation. However, later, Close and Cole (2000) reported that voluntary feed intake during lactation in second parity sows decreased by 170 g for every 1 MJ DE/day increase in gestation energy intake, which is not dissimilar to the observations in our study.
Despite the increased feed intake in mid to late gestation, sows on all treatments were a similar liveweight and contained similar backfat at the subsequent weaning because of reduced voluntary feed intake during lactation of those sows that received the higher feed intakes during the previous gestation. Lodge (1972) was one of the first to suggest that it is economically more sensible to maintain a relatively low intake during gestation and high feed consumption in lactation due to the better efficiency of feed utilisation. Certainly, where there is no response of piglet birth weight, as in our study, the economics would favour relatively low intakes during gestation to ensure high voluntary feed intake in the subsequent lactation. Comparison of treatments supplying either 2.2 or 3.8 kg/day during mid gestation, indicates that an increase of 56 kg of feed in gestation resulted in a reduction of feed consumed in lactation of 14 kg or a net 42 kg feed extra for sows on the higher gestation feeding level, with no positive effect on sow lactation and reproduction performances or sow body weight and sow body composition.
Conclusions
The results of this study indicate that increasing the energy intake or protein and amino acid intake of multiparous sows between Day 66 and Day 101 of gestation failed to significantly affect average piglet birth weight or standard deviation of individual piglet birth weight within the litter. The majority of the extra sow feed intake during mid to late gestation was deposited as maternal gain rather than in the developing litter. The major response to increasing feeding level in mid to late gestation was a reduction in voluntary feed intake during the subsequent lactation. The increased body weight gain of sows receiving the higher feeding levels between Day 66 and Day 101 of gestation was balanced by the reduced voluntary feed intake and consequent greater body weight loss during lactation of these sows, with the result that there were no significant differences in the liveweight or backfat level of the sows at the end of the experiment at weaning. The results of this study support the recommendation of relatively low feed intakes in gestation and there is unlikely to be an economic response to increased energy or protein intakes in mid to late gestation of multiparous sows when average piglet birth weights exceed 1.5 kg.
